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FOREWORD

The study presented in this report was performed by the Los Angeles

Divison CLAD) of Rockwell International Corporation (Rockwell) under U.S. Air
Force, AFSC, ASD, Wright-Patterson Air Force Base Contract F33615-77-C-3060.

This study was performed for the Recovery and Crew Station Branch (FER),
Vehicle Equipment Division (FEF), Air Force Fl';ht Dynawnics laboratory, Air
Force Wright Aeronautical Laboratories, Wright-Patterson Air Force Base, Ohio

under Project 2402 "Vehicle Equipment Technology", Task 240203 "Aerospace
Vehicle Recovery and Escape Subsystens", Work Unit 24020302 "Aircraft Transpar-
ency Failure and Cost Analysis". Mr. C. A. Babish III (AFFDL/FER) was Labora-

tory Contract Manager.

This program was started 15 June 1977 and submitted by the author for
approval 29 September 1978. The report was released under NA-78-604 by Rock-

well for internal control.

Mr. W. D. Dotseth was the Program Manager for Rockwell. Contributing

techcrical personnel were S. S. Brown, Deputy Program Manager, Engineering

Specialties; 0. F. Niedermann, Engineering Specialties; H. L. Hayes, Trans-

parentcy Design; R. H. Ewald, Jr, Operation and Proposals Estimating; and W. H.
Hatton of Reliability.

The author wishes to thank the field audit contacts in the Air Force, in

the airframe industry, and transparency suppliers for their cooperation and

valuable assistance in collection of maintainability and logistical support
data.

This report is assembled in three separate volumes to provide a pres-

entation of study results that permits easier access to and handling of the
data collected and presented herein. The separate volumes are;

Volume I - PROGRAM SLvtARY

Volume II - DESIGN DATA AND MAINTENANCE PROCEDURES

Volume III - TRANSPARENCY ANALYSIS
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SECTION I

4 INTRODUCTION

INTRODUCTION

The Air Force's continued effort to increase the reliability, and thereby

reduce the cost of maintaining aircraft transparency systems (windshield,

canopies, cabin windows) has prompted the Air Force Flight Dynamics Laboratory

to sponsor this program. It is directed at surveying the maintenance and

installation procedures at the five Air Logistics Centers (ALC's) and eight

selected Air Force operational bases for the pur,2ose of identifying the high-

cost, high-frequency maintenance items of transparency components for 20

selected aircraft currently, in the Air Force inventory.

This program is an extension of two previous programs (references 1 and

2) that were conducted to study failure modes, maintenance procedures, and the

associated logistical support costs for transparency systems. The extent of

the analysis developed in these previous studies was to search historical

maintenance and logistical cost records, and categorize the physical trans-

parency characteristics, failure modes, frequency of failures, and costs in a

readily identifiable and inclusive statement of the problem.

The intent of this study is to expand the research of the transparency

problems in greater depth, identify and recommend changes in maintenance pro-

cedures, and recommend design improvements that will reduce failures and cost

of maintenance.

Reference 1. J.H. Carlson, Windshield/Canopy/Support Structure (WCSS) Life
Cycle Cost and Failure Analysis, AFFDL-TR-ll5 Air Force Flight
Dynamics Laboratory, Wright-Patterson air Force Base, OH 45433,
September 1975.

Reference 2. C.S. King, Windshield/Canopy Cost and Failure Anaysis,
UDRI-TR-76-69, University of Dayton, Dayton, Ohio, October 1.976.

I
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Continued progress in the scimnce of flight technology and the dramatic

i, .vase in performance required of both the current fleet and the next genera-

tion of aircraft has dzivea the cost of maintahing this equipment toward an

astroncmical figure. Current estimates indicate the cost of maintaining the

total Air Force fleet is approaching two billion dollars per year (references

3 and 4). It is for this reason that the Department of Defense is placing

greater emphasis on weapon system design-to-cost and life-cycle cost improve-

ments in the area of maintenance and logistical support. An essential part of

any aircraft is its transparency system. The large amount of funds being

expended on transparency systems is shown in figure 1.

The annual costs are categorized by aircraft type for an eighteen ronth

timespan covring July 1976 through June 1977. The total scaled annual cost

of approximately five and one-half million dollars is for the 20 study air-

craft. If all models in current inventory were included, the annual cost

indicated would be significantly higher. To further demonstrate the huge

enxpmditure, a 10-year projection (figure Z) adjusted for inflation and air-

craft attrition indicates that approximately $72,600,000 will be spent. This

estimate does not include other models or the new weapon systems that will be

phased in during that timespan. The cost data shown in these charts were

extracted fron K0Sl/"Increased Reliability of Operational Systems" (IROS) data

(reference 5).

Reference 3. Department of the Air Force, "JUSAF Cost Planning Factors, AFR
173-10, Volume I, Headquarters, US Air Force Washington, DC
20330, 6 February 1975

Reference 4. W. D. Dotseth, R. W. Nickel, W. F. Ru~.th, "Low.-Cost Study,"
AFFDL-TR-76-73, Air Force Flight Dynamics Laoratory, Wr1ight-
Patterson Air Force Base CH 45433, August 1976

Reference 5. IROS, "Increas6d Reliabilit• of O2erational Sysem" K051,
AFLC Pamphlet 400-i, Department of the Air Feadquarters,
Air Force Logistics Command (AFLC), Wright-Patterson Air Force
Base, OH 45433, Headquarters, Air Force Systems Camuand (AFSC)
Andre•i Air Force Base, DC 20334, 16 August 1974
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In view of the large suns being expended in manann these transpar-

encies, thi•s study is programed to develop cost-effective design and repairg

conIcepts aimed at reducing logistical support costs.
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SECTION4 II

RQUIRF1E4TS AND TASK DESCRIPTION'

PROGR~AM OBJECTIVES

The objective of this study was to develop a program to reduce logistical
costs of transparency sys tems. It was accompl1ished by conducting a detailed

study of the reliability, maintainability, and logistical support characteris-
tics of 20 study aircraft. The approach was to:

1. Identify high-cost/high-maintenance system comiponents --A search was

made to determine those components whose reported maintenance hasj
resulted in an unusually high frequency of failure, and resulted in
high maintenance costs. This means was used in selecting the candi-

dates that present the greatest potential in cost reduction.

2. Condu-ct' an Jin-depth failure analysis - A detailed failure analysis
was conducted to determine the failure modes that are causing the

greatest incident rate of maintenance actions. Past records of the
DO- 56 tracking sys tem network (reference 6) were scanned to extract
the ma~~intn.anc inomto cotie inth vriu data collection

programs. These data were assembled to prov-ide a maintenance history

of each component.

3.Define the most significant design parameters affecting cost and
reliability of transparency sys tems - Duzring the searching process, a

concentrated effort was made to identify the design parameters that

significantly affect the functional operations of the transparency

components or support systems. Special emiphasis was placed on deter-

mining the impact on operational cost and reliability.

Reference 6. Department of the Air Force, "Product Performance System (1)056),"
AFLCM 171-45, Headquarters, Air ForceLgiýsticsý ConWnd Wright-
Patterson Air Force Base, CHI 45433, April 1971

6



4. Recommend corrective programs to achieve significant savings in life-
cycle costs - Utilizing this analysis, failure causes were identified
and system improvements and recommendation for changes in procedures
were proposed. These proposals were thoroughly analyzed and, through
trade studies, the cost effectivity of these changes were determined.
From these trades, corrective programs that achieve significant
savings in life-cycle cost have been recommended to the Air Force.

PROGRAM sMIREMWS

The program was a 19-month study, phased in the following three tasks:

Task I - Collection of data/information

Task II - Field audit of AFLC procedures and cost data
Task III - Transparency analysis

Task I, the collection of data and information, provided a baseline of
the physical characteristics and design specifics to provide the transparency
designer with a means to identify and effect candidate improvements. During
this phase, data pertaining to qualification testing and procedures were gath-
ered to support cost trade studies. These data include information to evaluate
structural and thermal integrity, reliability, resistance to bird impact,
environmental weathering effects, and optical quality factors. The collection
of data used as reference material includes the Air Force technical orders
that describe the mintepnance and repai.r procedures that are currently in use
by both the AFLC and operational bases.

Task II, the field audit of AFLC and selected operational bases, was
accomplished to correlate the actual maintenance activity with maintenance
efforts recorded in AFM-66-1, Maintenance Data Collection System (MDCS),
reference 7. The previous studies made indicated that descriptive data

Reference 7. MDCS, Air Force Manual 66-1, '%Maintenance Data Collection
System," AFLC/AFSC Pamphlet 400-11, ea arters, Air Force

Logistics Command (AFLC) Wright-Patterson Air Force Base, OH
45433, Headquarters, Air Force Systems Command (AFSC) Andrews
Air Force Base, DC 20334, 16 August 1974

7
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contained within AFM-66-1 are not always adequate to fully describe the nature
and types of failures recorded. The audits were principally structured to
provide the supplementary information through a questionnaire subiitted prior
to visitation to each facility.

Task III was the transparency analysis phase. During this phase, the
data collected in Tasks I and II defining the transparency characteristics was
assembled and analyzed to ascertain which design parameters are the most cost
effective and those that are the least cost effective. T11 data was cate-
gorized by aircraft transparency type, mission and design characteristics, and
a determination of the types of failures and relative frequencies was estab-
lished. In addition, a comparison of the reliability and maintainability
costs for each aircraft type with the basic design parameters for each trans-
parency was evaluated. From the foregoing, corrective programs for those
transparency systems that are considered to be cost effective were identified
and are being proposed to the Air Force.

STUDY AIRCRAFt

The list of aircraft included in this study is shown in figure 3. They
represent a wide variety of transparency configurations and concepts including
laminated glass panels, stretched acrylic, polycarbonates, composite panels,
etc. The sampling of the study aircraft varies from very low speed helicopters
to high-performance vehicles such as F-4, F-lll, and F-IS fighter-type air-
craft. The data on these selected aircraft provide a comprehensive coverage
of maintenance problems that are being experienced in operational service.

TRANSPARENCY/SUPPORT SYSTE

The definition of transparency systems, as considered in this study, is
listed in figure 4. They inclu& three categories:

8



I 1. Transparency components

2. Interactive support systems

k 3. Support structures

The transparency couponents consist of the primary elements of windshield

panel assemblies, canopy transparency and frame assemblies, and cabin windows.

The interactive support systems include only the major components of the

subsystem. For example, sensors, bus bars, controllers, and toggle switches

for anti-icing systems are included; integral and adjacent ducts, diffusers,

and control valves for defogging; actuators, links, and latches are also

included. Ancillary items such as wiring, switches, tubing, etc, are not

included. Support structure considers only those members that form an edge

member, adjacent contact with edge member, or part of a frame assembly.

t9&t -___



BOMBERS-
- B-52, B-57, AND FB-111

ATTACK
- A-7D AND A-37

CARGO/TRANSPORT
- C-5, C-9, C-130, C/KC-135, AND C-141

FIGHTERS
- F-4, F-15, F-105, AND F-ill

TI M N EIRS
- T-37, T-38, AND T-39

OBSERVATION/UTI LITY
- 0-2 AND OV-1O

HELICOPTERS
- CH-3, CH-53, AND UH-1

Figure 3. Study Aircraft

10



I. 1. WINDSHIELDS
2. CANOPIES
3. WINDOWS

INTERACTIVE SUPPORT SYSTEMS

1. ANTI-ICING
2. DEFOGGING
3. RAIN REMOVAL
4. OPERATING AND ACTUATION
5. PRESSURIZATION

SUPPORT STRUCTURES

1. FRAMES
2, POSTS
3, LONGERONS & SILLS

Figure 4. Aircraft Transparency Systems
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SECTION III

TRANSPARELCY SYSTE' LOGISTICAL COSTS

KOS LOGISTICAL SUPPORT COSTS

The K051 Increased Reliability of Operational Systems (IROS) Program was
developed to identify those components, subsystems, or equipment items that

have disproportionate demands on the logistical resources. The objective of
this program is to quantitatively access, predict, and improve the effective-
ness of weapon or support systems. This is accomplished by providing a means
of tracking the performance, reliability, maintainability of these systems to

measure the effect on safety and logistical support. IROS-generated cost data
includes inputs from both the air logistics centers (ALC), also referred to as
the depot, and the operational Air Force bases (OAFB).

The elements that m-..ke up the system for tracking of logistical support
cost are shown below. The logistics support cost (LSC) includes:

1. FMC - Field Maintenance Cost

2. SRC - Specialized Repair Cost (Depot)

3. PSC - Packaging and Shipping Cost

4. CCO-C - Condemnations Cost (Spares)

The basis upon which the costs are assembled is equated in figure 5, which
briefly provides the terms and definitions for these costing data.

IROS data are generally presented in common terms such as operator hour,
cost per flying hour, and other applicable tiae and cost relationships. It is
frequently used in establishing cost-effective fixes which will repay their
cost in reduced logistics support. For this reason, IRPS data was used as the

12



I initializing parameter in the determination of the corrective programs gener-
ated in the Task III transparency analysis phase.

LSC FOR STUDY AIRCRAFT

Since the K051 IROS listing is the focal point for the proposed design
improvement trades, a tabulation of the logistical support cost for the 20
study aircraft are presented in this section. These data were extracted from
microfiche provided by the Air Force Logistic Command, AFLC/LOIMA, and assem-
bled in a computerized accounting file.

Figures 6 and 7 are samples of computer printouts for the T-39 aircraft.
Figure 6 is a summary of the annual cost listing by quarter, headed by the
current quarter followed by the previous three quarters. For this sample, the
annual expenditure for January 1976 through June 1977 was $263,082 for the
maintenance of the total T-39 transparency system. Figure 7 presents an
example of the K051 tabulation that includes data for the most costly item of
the transparency system. The anti-icing system controller identified by the

AFM 66-1 MDCS work unit code (WUC) number is ranked number one as the highest
cost item of the transparency system, and ranked number forty-eight as the

S~most costly maintenance item of tihe total aircraft systemn.

iIt should be noted that the K051 microfiche lists the cost on an average
dollars per month basis for each quarter. Since each quarter contains three

months, the sum of quarterly listings must be multiplied by three to arrive at
the total annual cost. For example the total cost of WUC 41535 (controller)
is three times the sum of the average dollars per month for the four quarters,
or 3 x $18,856 = $56,568 per year. It should also be noted that the totals and
elements of total cost are presented on a yearly basis. The average monthly
cost was retained for direct traceability to K051 microfische.



ANNUAL SUPPORT COSTS

The annual and projected maintenance costs depicted in figures 1 and 2

were assembled and categorized from the sumnoay of maintenance and logistical
support costs shown in table 1. These data were gathered for the purpose of

providing a quick reference to the most widely used logistical cost coWarison

factors. The cost data were obtained from the K051 process previously

described, and the flight hours from the AFM 66-1 data tapes. The process

utilized to split the maintenance data from the AFM 66-1 data tapes is

Rockwell's "1tintenance Analysis Model Program (04A")". This process is

discussed at greater length in Volumes II and III of this report.

In making these ccqparisons care must be given to ensure that costs and

flight hours are for the same timespan. The maintenance data contained in the

AFM 66-1 tapes covered an 38-month timespan from January 1976 through June

1977. Consequently any comparison of cost and flight hours must be adjusted

for equivalency in timespan.
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TABLE 1. ANNUAL TRANSPARENCY SYSTEM LOGISTICAL SUPPORT COSTS

Annual Annual
LSC flight

A/C type cost $)hours (1977) $[flt hr

Cargo/transport
C-SA 50,610 45,519
C-9A 22,710 24,237
C-130A 73,122 38,35S
C-130B 79,S48 47,001
C-130E 158,574 217,041
C-130H 34,482 24,477
C/KC-135A 924,228 201,867
C-141A 409,028 287,946

Total cargo/transport 1,852,302 886,443 2.09

Fighters
F-4C 171,660 58,944
F-4D 241,053 99,810
F-0 254,343 163,707
RF-4C 251,535 69,447
F-1SA 320,943 30,408
F-10S 77,241 43,067
F-111A 39,840 14,847
F-111D 46,137 14,162
F-111E 32,787 18,978
F-111F 55,536 21,075

"Total fighters 1,491,075 534,445 2.79

Trainers
T-37B 149,163 277,068
T-38A 717,486 332,778
T-39A 263,082 123,579

"Total trainers 1,129,731 733,425 !.54

Helicopters
(}-3 213,312 26,091
CH-53 52,947 13,761
UH/TH-1F, 1P 73,431 73,640

Total helicopters 339,690 113,492 2.99

Bombers
B-S2G 138,348 64,431
B-S2P 93,000 36,936
B-57 34,527 19,552
FB-IIIA 49,635 17,463

Total bombers 315,510 138,382 2.28

Attack
A-7D 233,283 102,726
A-37 41,463 31,566

Total attack 274,746 134,292 2.05

Observation
0-2 58,461 72,432
OV-10A 35,478 40,574

Total observation 93,939 113,006 0.83

Total LSC for 20 study A/C 5,496,993 2,653,485
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SECTION IV

CURRENT MAINTENANCE PROBLEMS

FIELD AUDIT Ca4eNS

During the field audit surveys, many discussioms were held with mainte-

nance personnel to evaluate procedures and to identify problems and testing

capabilities. These people were also asked to relate tlleir experiences in the

inspection, repair, and replacement of transparencies, ard to describe the

iimpact of environmental and weathering factors that contrioute to the recorded

failures.

The following is a collection of remarks concerning the most common

transparency system maintenance problems:

SEALArS AND AEK 1-MINGG'

COne universal complaint of the operational bases was the long sealant

cure time required after replacement of windshields or canopies. Depending on

the sealant material and the transparency installation, approximately 24 to 72
hours of cure time are required. A great deal of pressure is imposed on

maintenance personnel for earlier return of aircraft to flight status.

SCRATC-ING/CRAZING/DELWMINATIONS

These are the most prevalent complaints of flight crews regarding the

optical qualities of transparencies. When a complaint is registered, Quality

Control will review Technical Order Manual criteria to ascertain if replacement

of the component is required. In instances where these criteria fall within a

gray area, and a decision for replacement is judgemental, a flight test crew
will be consulted to determine final disposition.

19



M3ISTJ PWMTICK OF TRANSPARENT PANELS

The onset of peripheral delaminations is generally caused by moisture
penetration of the edge members. Since this type of delamination is most

prevalent, maintenance people believe that improved edge attachment member

sealing would givatly reduce this type of failure.

TRANSPARENCY CRACKS I
These are principally caused by stress cuncentrations due to the misalign-

ment of holes in the transparent panel and edge attachment members. In the

cases where replacement panels are back-drilled to ensure proper alignment,

the drilling process will sometimes cause local stress concentrations.

Improvements in these areas are needed.

ELECTRICAL ANTI-ICING SYSTEMS

In many aircraft with this type of system, the activation of deicing
operation is initiated by a simple three-position toggle switch. Under condi-
tions requiring the use of the anti-icing system, an overtemperature condition
brought on by a faulty controller may cause the cracking of the outer ply.

This problem is also attributed to faulty temperature-sensing devices. The

unanimous opinion of people in the field is that significant reduction in

maintenance man-hours can be achieved by improved design of these items.

CANOPY RIGGING AND ALIGNKIr

The replacement of canopy-type transparencies is the cause of an extremely

large expenditure of man-hours. The problem is one of adjusting to a wide
range of tolerances when the canopy assembly is removed from aircraft for
rework. To maintain proper interface with position of the windshield arch and
its hinging and attaching points, a complicated series of measurements are

S~20



made to accomplish proper fit. In some aircraft, this procedure is so diffi-
cult that canopies must be sent to the depot where tooling fixtures, accurate

enough to control tolerances, are available. This operation is, of course,

costly in man-hours and time required for handling and logistics stocking.

FATIER ATTACMEt~

The replacement of transparent assemblies is often complicated by a large

variety of types and sizes of fasteners. In many windshield configurations,

access to the attachment fasteners, particularly the lower row, is severely

restricted. Consequently, selection of appropriate fasteners could reduce

installation time and problems.

ACCESS TO WINDSHIELD PANELS

In some aircraft, access to windshields requires the removal of instrument

glare shields and associated wiring and plumbing. Two aircraft also required

the cutting of electrical wire bundles to complete the removal of the shield

assembly. In some fighter aircraft, access to the instrunent area is most

easily achieved through the removal of windshield side panels. It was sug-

gested that quick-type disconnects be incorporated to ease the removal of

glare shiolds.

Additional transparency-oriented maintenance problems are discussed in

the procedures section of Volume II.

TRANSPARENCY SYSTEM COMPARISON

The general statistics for the current maintenance problems that were

briefly discussed in the preceding paragraphs of this section are depicted in

figure 8. It presents the most utilized paraneters that are used as a basis
of comparison for transparency systems. The parameters include:

21
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1. Mean time between failures (MTBF)

2. Maintenance man-hours per flight hour

3. Logistical support cost in dollars per flight hour

These statistics were gathered from data contained in references 1 and 2;

and from data generated and assembled from this study. The intent of these

data is to provide an overview and basis of general comparison of the various

transparency system concepts contained in the 20 study aircraft. It will be

noted that range of values shown are the extremes of the values from the K051

and AFM 66-1 data.

Examination of the K051 logistical support costs for many of the study

aircraft, as shown in the sample tabulations in figures 6 and 7 and summarized

in table 1, indicates that the distribution of the field maintenance, special 4
repair, packaging/shipping and condemation costs are incomplete. This conclu-

sion was drawn from a survey of the K051 tabulations, and from data obtained I
from the field audits. It is believed that these costing elements are

accounted for in the totals shown in the column listing the average dollars I
per month for the current and three preceding quarters. Ulthough some of

these values are suspect, they were left unchanged to maintain consistency for
basis of comparison. These data, however, were adjusted when used in the i
trade studies developed in Volume III. This was done to ensure the validity

of the trade study, where known special repair activity or a more accurate

description of maintenance was identified.
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SECTION V

SUMMARY OF TRADE STUDIES

TRADE STUDY OBJECTIVE

tive programs to transparency systems that will reduce Air Force Logistics

Command (AFLC) ownership cost for current inventory aircraft. Rockwell has

selected five transparency system areas, whose annual maintenance, and logis-

tical support cost are considered to be significant. In view of the effort

required to research, analyze, and assemble these data, the scope of the

program permitted the development of only five design improvement studies. The

corrective programs reviewed resulted in the following trade studies.

1. T-39A Windshield Anti-icing Controller Redesign
¾

2. KC-135A Boom Door and Sighting Window Redesign

3. B-52G/H Windshield and Window Redesign

4. C-141A Windshield Redesign

S. T-38A Canopy Locking Mechanism Redesign

TRADE STUDY SUMMARY

B

The results of the trade studies presented herein were based on a compari-

son considering a 10-year life cycle cost. Tlhe studies conducted indicate

that appreciable savings in the field maintenance and other logistical support

costs for the proposed design changes are possible. The principal factors

traded are the projected cost of maintaining the present concept against the A

24
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redevelopment, replacement, and maintenance costs for the redesigned concept.

The summary of these estimated savings are:

Average Annual

Trade Study Cost Savings

1. T-39A Windshield Anti-icing Controller Redesign $ 114,087

2. KC-135A Boom Door and Sighting Window Redesign $ 42,836

3. B-52G/H Windshield and Window Redesign $ 152,659

4. C-141A Windshield Redesign $ 208,124

S. T-33A Canopy Locking Mechanism Redesign $ 106,416

If all five condidate trades are implemented, the annual saving would

approach $625,000 for the proposed changes.

TRADE STUDY CRITERIA

The ground rules imposed in the selection of these candidate improvements

were to identify those aircraft having a high annual expenditure in maintenance

of transparency systems. A second consideration was the identification of the

components having a large frequency of failure. Anotherz consideration in the
t selection process is the relative importance the aircraft maintains in the

total posture of the Air Force inventory.

TRADE STUDY DESCRIPTIONS

The trades shown in this section are recapitulations of the analysis

contained in the transparency analysis of Volume III. A very brief summary of

trade results are presented in the following pages of this section.

25
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T-39A WINDSHIELD ANTI-ICING CONTROLLER REDESIGN

Examination of the K051 logistical support costs indicates that the{I
windshield anti-icing controller ranks number one as the high cost contributor

in transparency system maintenance costs. The controller presently used is a

germanium semiconductor-type controller providing a time delay device to

prevent thermal shock of windshield pane during cold ambient startup of wind-

shield anti-icing (figure 9). I
Failures detected from AFM 66-1 data and from Rockwell field service

bulletins indicate that approximately 12 percent of the failures associated

with cracking and delaminations can be attributed to the failed controller

(figure 10). It is proposed that a modern solid-state-type controller be

substituted. As a result of this proposed change, an annual saving of $92,200
for the controller substitution, with an accompanying fallout saving of $21,900

for windshield panels, can be realized. Table 2 summarizes the costs detailed

in Volume III, The projected escalation factors used in pricing the spares

and repair costs were obtained from reference 3, USAF "Cost and Planning

Factors," AFR-173-110, Volume I, dated 6 February 1975.

26.
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KC-135A BOOM DOOR AND SIGHTING WINDOW REDESIGN

The boom operator's sighting door window (figure 11) provides access to

an hydraulic accumulator. This window must be removed on a daily basis to

service the accumulator and related equipme~nt. As a result of these frequent

removals, the sighting window is inadvertently damaged (figure 12).

To minimize the damage and costs inflicted, it is proposed that the H
window be hinged to reduce the ground handling problem. The annual reduction

in cost ($42,836) is summarized in table 3.

B-52G/H WINDSHIELD AND WINDOW REDESIGN

A survey of B-52 transparency maintenance activity indicates that the

windshields and windows, most of which are shown in figure 13, contribute 68

percent of the total logistical cost. Of these failures (figure 14), an

estimated 30 percent are associated with delaminations, cracking, chipping,

and deterioration of the panel assemblies. Data from both ALC and AFM 66-1

point to the anti-icing controller as being a contributing factor to this type

failure. Discussion with ALC indicates that removal of the instrument glare

shield to gain access to windshield attachment is also a high cost contributor.

Therefore, to reduce the cost associated with these failures, it is

proposed that the panel assemblies be modified to incorporate a more flexible

interlayer and a redesigned edge seal. It is also recommended that an improved

controller and glare shield be incorporated. Refer to Volume III for a

description of these modifications. The incorporation of these proposed

changes are estimated to result in an annual saving of $152,659. (Refer to

table 4.)

"27
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C-141A WINDSHIELD REDESIGN

A review of the failure modes reveals that the windshield panels, most of

which are shown in figure 15, account for approximately 60 percent of the
total cost of maintaining the C-141A transparency system. Of these failures
(figure 16), an estimated 30 percent are associated with delaminations,

cracking, chipping, and deterioration of the panel assemblies. Data from both

ALC and AFM 66-1 point to environmentally induced cracks and delaminations as

being contributing factors to the failure of these windshields. Discussion
with ALC also indicates that removal of the instrtmient glare shield to gain

access to windshield attachment is also a high cost contributor.

Therefore, to reduce the cost associated with these failures, it is

proposed that the panel assemblies be modified to incorporate a more flexible

interlayer and a redesigned edge seal. It is also recommended that an improved

glare shield be incorporated. Refer to Volume III for a description of these

modifications. The incorporation of these proposed changes are estimated to

result in an annual saving of $208,124 (refer to table 5).

T-38A CANOPY LOCKING MECHANI•4 REDESIGN

A high cost contributor of the T-38A canopy installation (figures 17 and

18) is due to rigging tolerances associated with the locking mechanism. This
problem is traced to the deterioration of potting compound in the splined
connection of the latching hook. The accumnulation of backlash that cun occur

at 16 locations thereby causes canopy locking problems.

The proposed fix for this problem is to redesign the lock assembly to

provide a more positive attachment to completely eliminate backlash. The

incorporation of the proposed change is estimated to result in an annual
saving of $106,416. (Refer to table 6.)
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SECTION VI

CONCLUSIONS AND RECCI44ENDATIONS

CONCLUSIONS

During the con;.vct of this study, a number of conclusions were formed,

relating to a very 3pecialized field of maintainability and logistics: the
"aircraft transpaý-ency systed". These conclusions were formed as a result of
direct contact wi-ih both the personnel fran the military and from industry,

and from the results of the analysis made in support of this program. 'T1ere-
fore, these observationLs are directed at giving the reader an appreciation of
the problems in this field and to point out the benefits that the study results

can achieve in the reduction of logistical costs.

OPTICAL QUALITIES
I

The physical nature of the transparent components makes it particularly

susceptible to defects that degrade the desired optical qualities. During the

field audit phase of this program, every aircraft surveyed had some sort of

defect. The degree, of course, was dependent on the type aircraft, type of

transparent concept, and operational environment. From this sampling, we car
only conclude that many of the operational aircraft also has some sort of

defect. The concern of maintenance persomnel is to identify th•ose problems

that border on affecting the safety of flight, and find means of eliminating

or at least minimizing these defects.

LOGISTICAL SUPPORT COST

The projections of estimated logistical support costs indicate that these

expenditures are excessive. This conclusion is based on a sampling of the

cost reduction contained in this study.
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POITrIAL CORRECTIVE PROGRA1bf

The results of the design improvement studies coupled with life cycle
cost analyses have conclusively shown that considerable savings in the mainte-

nance of transparency systens can be realized. In many instances, such bene-

fits can be gained for a relatively small initial expenditure that would

provide the Air Force with a significant return on its investment. Considering

the vast amounts currently being expended, the potential in cost reduction is

considered to be significant.

DATA TRACKING SYSTEM

The analysis conducted in support of the corrective programs placed

primary reliance on the data contained in the K051 IROS and AFM 66-1 data

tracking systems. It was concluded that these data provided the most consist-

ent baseline or reference for evaluation purposes. It should, however, be

pointed out that in many cases data obtained fromn these pcesslackead
sufficient detail to permit identification of specific problems. The means

for supplementing this data was through the information collected during the
field audits. The onsite visitations, too, are considered to be an important

factor in providing the ability to conduct a meaningful evaluation.

ORIENTATION TO WORK UNIT CODE

The necessity of providing more detailed descriptive information to

support the type of analysis as presented in this report is deemed to be
highly desirable. This, however, must be traded against the cost of expanding
the level of descriptive breakdown in the work unit code structure. A possible

compromise can be obtained by specialized training to give line personnel a

better understanding of the importance of proper interpretation and assignment

of effoit to the existing work unit code.

45



TRAINING

Many of the transparency systems in the current inventory require a high

degree of maintenance skills in servicing, and especially the implementation

of the repair activity. The repair and replacement involves the handling of
very expensive components. Certain aircraft require a rather high frequency

of replacement rate, resulting in costly support of maintenance services. To
provide the maximum effectiveness in the support of transparency maintenance,
some bases are able to assign and maintain specialized personmel to support

this activity. Although the repair manuals provide adequate instructions in
the methods of repair and replacement of transparency components, the skills

required to provide this service can be greatly improved by the infusion of

maintenance techniques and procedures gained from other programs and other
facilities. It is believed that greater use of specialized teams from both
ALC and transparency suppliers can best provide this service. Improved train-

ing procedures could result in significant reduction in cost.

RECUNDMTIONS

The study results of this program indicate that many options to achieve
cost reduction are available. The extent to which the incorporation of these
options should be implemented may require further study. But based on the

life cycle cost trades developed for this program, Rockwell feels that many of

these options can be initiated now with a very high degree of assurance of
accomplishing improved reliability, reduced maintenance, and reduced cost. It
is reconmmended that tUi following suggestions be considered to achieve this

end.

1. Implement the design improvement studies conducted herein. Results
indicate the suggested improvements in their entirety or partial
elements are cost effective and will achieve the desired cost reduc-

tions.

2. Continue the search for cost reduction "corrective programs". Rock-

well has developed a procedure that is a systematic approach to the

/4
46 ,

___ /



identification of the most neaningful problem areas. In the conduct

of this study, Rockwell has estnbli-hed a comprehensive data base and

developed the methodology to rapid-':, cornluct cost-effective trades.

In view of the extremely large exp ýa.Aiturrs forecast over the next 10

years, it is recomninded that follow-ciý st-idles be implemmnted.

3. Altho•gh it has been stated that the A-M 66-1 MDCS is considered to

be the most consistent baseline, or rcf'-znce, for trade studies, it

does not, however, provide adequate v-is bility to define a detailed
level of failure mode. It is therefore rec..•nded that a study be

initiated to provide that level of definition.

4. A means of increasing the accuracy and validIty of the existing AFM
66-1 (MDCS) system is to improve the input of interpretation of -06

,owrk unit code manual. A combination of manual instructional improve-
ment and training sessions with using personnel can improve the

assigmrent of effort inserted in the AFTO-349, 'M4aintenance Data
Collection Record".

S. During the field audits of various ALC's and operational bases, many
contacts were established. In subsequent calls placed 2 to 3 months
later, requesting additional information, found these contacts to be

transferred to other organizations. On this basis it is concluded
that it is difficult to maintain the highest level of required skills.

It is therefore recoummnded that special training teams from the ALC
be sent to improve the skill and expertise of personnel involved in
transparency system maintenance.

a

CANDIDATE LIST OF DESIGN VIPROVEMENTS

The trade studies shown in Section V are some of the design improvements
tha. were identified for five of the selected study aircraft. During the

course of this program other design improvements in transparency system that
can potentially reduce logistical support costs were also identified. The

47



following are a listing of these improvements recmmiended for future

co~rLideration.

1. Develop quick-cure sealants and aerosmoothing coupounds.

2. Design panel edge members to have greater resistance to moisture

collection.

3. Expand development of dry seals.

4. Improve frame-to-glass (plastic) attachment to prevent local stress

risers.

5. Improve uniformity of fastener type and size within periphery of

panel.

6. Design frame-to-glass relative stiffness to avoid rigging, alignment,

and tolerance problems.

7. Systems that require extensive removal of instrument shields, plumb-

ing, wiring to gain access to attachment should have quick-disconnect
provisions.

8. Improve sliding window mechanisms and controls.

9. Incorporate shock absorbers for sliding windows.

10. Continue to develop tougher coatings for transparencies subject to

scratching.

11. Improve electronically operated anti-icing sensing and controller

systems.

12, Modify flight control crew and flight line personnel uniform scratch-

producing items.
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13. Incorporate WUC number in -4 illustrated parts list.

14. Expand level of WUC description.

15. Expand and rmprove indoctrination of normal work unit code selection.

16. Improve contents of technical orders, to provide enhanced usability

for maintenance perso-nel.
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